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THE RELATIONSHIPS OF M. G. Gilbers

THE EUPHORBIEAE
(EUPHORBIACEAE)
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ABSTRACT

~ The Euphorbie.ae and Hippomaneae, though both usually placed in subfamily Euphorbioideae, differ in many
nflorescence (.ietalls and can be linked unambiguously only by one eryptic character: the rod-shaped starch grains in
the latex. While the Hippomaneae have inflorescences very similar to those of many other members of the Euphor-
biaceae, thf: Euphorbieae have an inflorescence so specialized that one seems to be forced to relate it to other members
of the family through a hypothetical ancestor with a synflorescence of axillary bisexual cymes more primitive than

most extant taxa possibly other than Jatropha.

w

A primary aim of this symposium is to review
criically Webster’s (1994) classification of the Eu-
phorbiaceae. This paper is an attempt to share a
speculation arising from misgivings over the sup-
posed homogeneity of the subfamily Euphorbioi-
deae. This is not a presentation of the results of
Prolf)nged and detailed research but rather spec-
ulations arising while producing a routine Flora

account of the Euphorbiaceae for the Flora of

Ethiopia (31 genera, 209 species), coupled with
4 long-st.anfiing interest in Fuphorbia (the largest
sg::x] :"tthlﬂ tl.’le Ethiopian ﬂ?ra), particularly the
P nt species. A Flora writer should delve into
arger scale taxonomy of those families that
'c"a‘:i;b:ufovere:., but is rarely allowed t.he .time tf)
Safiis o :“Yt ing more th:fm superficial investi-
T axa 'not actually included in the Flora.
an;sh.the following idt?as must not be regarded as

Demg more than simple-minded speculations.
Cialize:; r:‘s‘m;:g the relati?nships of a group as spe-
s 1 ! ; lEupho@neae used to be of httle
ittle more al ora writer. The matter beca.mfe a
e relevant with the advent of cladistics,
o ¢ methodology demands a working hy-
:la rizl:tizf szbable sister groups and character
be appliedn; ;';mer or late.r such .methods should
deally 1o ﬂ:’ 'Ee Euph?rbla?eae m.general, and
e are ince ‘.‘“Phof'ble.ae In partncula::, wh.ere
etion, o, (;nsnjsten(:les In current generic delm?-
it Chan; 01‘. Instance, wo.uld a cladlstn(.: analysis
distines genu“f’{YC?. very.mdely ::ecogm.ze(.l as a
phorbia Subgs’ 140 the various sections mt}‘un Eu-
bia? There - Agaloma and .the rest of Euphor-
4re many other interesting problems

wa
ng to be tackled: What is the relationship

between the Old World and New World species of
Euphorbia? How do the subgenera Euphorbia and
Lacanthis (sensu Gilbert, 1987) relate to the rest
of the genus? Such an analysis, in my view, could
do much to clarify these relationships and thus the
taxonomy of the tribe as a whole. It would demand
a much greater knowledge of the possible origins
of the Euphorbieae than is available. In a group
so morphologically isolated, speculation is needed.

The Euphorbieae and Hippomaneae are includ-
ed within the subfamily Euphorbioideae along with
three other tribes (Stomatocalyceae, Pachystro-
mateae, and Hureae) that have usually been as-
sociated with the Hippomaneae (Webster, 1994),
primarily on the basis of their caustic milky latex
from nonarticulate laticifers, frequently glandular
bracts. and often highly reduced flowers that always
lack petals. This juxtapositioning has not always
been the case: Mueller Argoviensis (1866) and
Bentham (1878) placed these groups at opposite
ends in their sequences. There are indeed major
differences in inflorescence morphology between
the two groups such that I felt forced to consider
the possibility that the similarities were the product
of convergence. One unusual cryptic character,
very charactenstic, rod-shaped starch grains found
in the latex, is a good contender for a synapo-
morphy, which suggests that they do have a com-
mon origin. This in turn led to an attempt {0 re-
construct a possible ancestral inflorescence type

from which the modern plants could have evolved

most parsimoniously.
The rod-shaped starch grains have no been

reported in other members of the Euphorbiaceae,
although many taxa appear never 1o have been
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surveyed (Rudall, 1987), and their discovery else-
where in the family would be a serious challenge
to the taxonomic integrity of the Euphorbioideae.
The toxicity of the latex has also been mentioned
as a linking character but the major compounds
involved—diterpene esters—occur also in subfam-
ily Crotonoideae (Beutler et al., 1989). The pollen
of the Euphorbioideae is rather uniform (Punt,
1987), but the pollen type is apparently plesiomor-
phic; thus the similarity should be treated with
caution. Morphological evidence is even less clear-
cut. There are superficial similarities in that most
taxa in both groups have a sparse to nonexistent
indumentum of simple hairs but there are many
exceptions in both major tribes, such as species of
Chamaesyce and Agaloma within Euphorbia and
members of the Mabeinae and many species of
Stillingia within the Hippomaneae, and such ev-
idence can only be regarded as essentially negative:
it does not disprove the possibility of a relationship.
The tendency toward very reduced flowers, rare
in the family as a whole, has also been invoked to
support a common grouping. It is possible, theo-
retically, to select a reduction series for the flowers
within the Hippomaneae from genera such as Ma-
bea, which have well-defined perianths and male
lowers with many stamens, through to Dalember-
tia, in which the male flower is reduced to a single
sepal and a single stamen and the female flower
has only vestigial remnants of the perianth. This
sequence could be regarded as continued by the
Euphorbieae, where the male flower is always re-
duced to a single naked anther and the female
flower to a naked ovary. There is evidence of a
female perianth in many genera within the Eu-
phorbieae, including some species of Euphorbia,
but the only clear indication of a male perianth,
beyond an articulation between pedicel and fila-
ment, is the vestigial male perianth seen in An-
thostema and Dichostemma. There has been a
temptation to suggest that this sequence gives a
true guide to relationships, but this must be ques-
tioned—could the Hippomaneae really have given
rise directly to the Euphorbieae?

The major difference between the two groups is
the inflorescence structure, which is discussed at
length below. Details of floral morphology, most
notably the very different styles, also suggest that
the Euphorbieae and Hippomaneae may not be
closely related. In the Euphorbieae the styles are
relatively short, usually divided, and have more or
less capitate stigmas. Studies indicate that most
species are pollinated by a variety of often unspe-
cialized insects, the exception being a group of
New World taxa, most obviously the genus Pedi-

lanthus but also various red-flowered Euphorbin
species, pollinated by birds. In most members of
the Hippomaneae the styles are undivided, long
and tapered, and are usually characteristically cir-
cinately coiled when young. There are not many
observations of pollination. The pendent inflores-
cences and long stigmas of some species sugges|
that wind pollination is a possibility, but other gen-
era have well-developed nectaries within the inflo-
rescences indicating some form of animal pollina-
tion, perhaps most often by small unspecialized
insects (Bawa et al., 1985), but in at least one
case, Mabea occidentalis Benth. (Steiner, 1983),
predominantly by bats. Thus the significance of the
striking differences in the styles is not clear. An-
other possibly significant difference is the frequen-
cy of succulence within the Euphorbieae where it
has clearly evolved several times independently,
whereas succulence appears to be almost absent in
the Hippomaneae, recorded only from a few bra-
zilian species of Stillingia (Rogers, 1951).

The contrast in inflorescence organization be-
tween the Hippomaneae and the Euphorbieae seems
so great that one must consider whether the sim-
ilarities between them could be the result of con-
vergence rather than an indication of common
ancestry. If the most reasonable (parsimonious)
hypothetical common ancestor has to have c‘hﬂ'P
acters such that it would have to be placed Wﬁhl"‘
one of the other subfamilies, notably the Crotonor
deae, rather than the Euphorbioideae, the Eu-
phorbioideae would have to be regarded as a gr ade
rather than a clade.

There seems to be little or no case for qu&
tioning the homogeneity of the tribe EUPF‘“’!"“C
as it is clearly defined by the very peculiar inflo-
rescence—the cyathium—distinct from eolll od?ef
inflorescence types seen within the family. L““
naeus and other very early authors, plus oner:
the two giants of nineteenth-century E“Pho h:
aceae taxonomy, Baillon (1874), thought that | ;
cyathium was a hermaphroditic flower. HOWC";
the alternative theory that it was an hlﬂOl;eS““c y
was mentioned by Lamarck as early as 1 1.88 al ‘
is now unquestioned, though there 1 still dn.f»agf:
ment in the exact interpretation of its orgamzall .'h'
The cyathium consists of a cupular recept‘fc'e : th
marginal lobes usually regularly alternating =
glands, sometimes quite complex in struclflfe'ﬂ
closing a whorl of groups of male flowers lﬂs:ob
ed bracl
and a single, central female flower, ofte
to a naked ovary. There is quite
within this theme with regard to
the number of parts within the involucre an
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amount of fusion between them and the occasional
presence of a small perianth on the male and female
flowers, but no genera can be regarded as having
nflorescences truly intermediate between a cy-
athium and any other inflorescence recorded within
the family. There has been much debate on the
nature of the cyathium but the weight of evidence
(e.g., Schoute, 1937) seems to support the scheme
suggested by Eichler (1878), in which each invo-
lucral lobe /bract subtends a monochasium of male
flowers,

.The cyathium contrasts very strongly in orga-
nization with the inflorescences of the vast majority
of other members of the family, including the other
tribes placed within subfamily Euphorbioideae by
Webster. There is a fundamental division within
‘h.e Euphorbiaceae between the uniovulate tribes.
W.llh only one ovule per ovary locule, and the
bfovulate tribes, with two ovules per locule. The
biovulate tribes are distinct in so many features of
dnatomy and morphology that they will not be
COﬂS.ldered in detail. Tt might, however, be worth
making the observation that the axillary fascicles
Of flowers characteristic of the vast majority of
.blovulate taxa must be considered rather special-
‘zf’d reduced inflorescences. Most other uniovulate
Iribes, including the Hippomaneae, have inflores-
ceénces that are generally regarded as cymose, but
'maﬂy.Show an essentially racemelike organization
in Whlt‘:h the cymose nature of the ultimate ele-
::Z’:;Sa;sﬂonly betra'yed by the fact that some of
"tk Soel'i : owers are in very reduced cymules rather
with the E" y haS In a true raceme. The contrast
g up orbieae is fur.th(.ar increased by the
the E, h’o a§° in the vast majority of the genera of
2 thz ml' 'la;:]eae, the .female flowers are proximal
ek ale owers distal. Such an arrangement
Jogic: feme'()ﬂgaled inflorescence has a struct.ural
e ::.Gf owers produce bulky, l.ongerohved
s ;qrenrmg the transport of nutrients; male
Py USl.lally smaller, shor.t-lnved, and only
Veadad af;lSlt‘r.lt supply of nutrients. .lt would be
ot St)'el t.)gncal to have to mamtam an extra
oy ey ﬂOm at the base .Of an mﬂore§cen(te once
08 lociatt W.Grsl had finished, especially as the
0 be tha? - Wt;u d mean that the stem would hz?ve
&6l ﬂuc stronger mechanically. By having
wod v "-a ?WerS, that part of t.he stem does not

nsport as many nutrients for so long,
ﬂﬁvelr;o}:eneed fto.be strong enough to support rel-
P m:lvy ruits, and can.be shut dow.n as soon
Hay: - ﬂ?wers have dispersed their pollen.
Mg said this, there is an obvious exception to
such logi(,__“..,'. Ivoha— . , 3
alypha—which shows a bewilder

ill a : 5 .
g array of inflorescence types, particularly with

regard to the relative positions of male and female
flowers, and must be regarded as a special case.

To convert a typical Hippomaneae inflorescence
into a cyathium one must postulate a considerable
condensation of the main inflorescence axis, a rel-
atively straightforward and common evolutionary
process. However, at the same time one must also
postulate a complete reversal in the relative position
of the male and female flowers or the loss of the
proximal female flowers plus the de novo produc-
tion of a terminal female flower. The latter process
seems particularly difficult to account for unless
one invokes the terminal allomorphic lowers seen
in some species of Acalypha. There would also
have to be a reversal of the general trend of the
reduction of the distal male inflorescences. An al-
ternative scheme would be to derive the cyathium
from a group of thyrses. Such a scenario 1s very
similar to that proposed below and must be given
consideration. The one fact against it is the cymose
arrangement of the groups of male flowers within
the cyathium. It is difficult to imagine a racemelike
inflorescence giving rise to such a grouping.

A more parsimonious scenario is to postulate
that both the Hippomaneae and the Euphorbieae
evolved from a common ancestor which had a
thyrse—a synflorescence in which an indefinite
fertile axis produced a spiral series of axillary bi-
sexual cymes (Fig. 1). The cymes could be either
dichasial or monochasial or, perhaps quite hkely,
initially dichasial with monochasial ultimate
branches such as is frequently seen with Jatropha.
The Hippomaneae inflorescence could (and surely
did) evolve by a simple process of reduction with
the proximal cymes being reduced to single female
fowers and the distal cymes reduced to cymules
of male flowers or eventually to single male flowers.
The Euphorbieae would have to be Jerived by a
more complex evolutionary process centered pri-
marily on a great condensation of the main syn-
florescence axis to produce a dense head of cymes,
the central one, perhaps in response to the pro-
tected situation, becoming reduced to a single fe-
male flower while the surrounding whorl of cymes
became all male and their associated subtending
bracts and ?stipular glands fused to form an in-

An alternative scenario is that the cyathium has
evolved from a single cyme with a primary female
Aower and lateral male flowers such as is seen n
Jatropha. Croizal (1938), in discussing Neoguil-
lauminea, accepted such a scenario and expressed
the belief that 4-lobed involucres were the basic
type for the Euphorbieae, derived presumably from
the initial two levels of branching of a dichasium.




286 Annals of the
Missouri Botanical Garden




|

|
|

Volume 81, Number 2
1994

Gilbert 087

Relationships of the Euphorbieae

An immediate difficulty is the frequency of 5-lobed
mvolucres, which would be difficult to derive from
a regular dichasial cyme but which could be ex-
pected as the norm if the involucre was the product
of the condensation of a Fibonacci spiral derived
rom a thyrse. Two further bits of evidence argue
against a development from a single cyme. First is
the situation in Neoguillauminea, where the cen-
tral female flower appears to be subtended by four
separate mvolucres of male flowers, which indicates
that several inflorescences are involved. Second,
some species in Euphorbia sect. Esula (notably E.
typarissioides Pax) have groups of male flowers
fmd glands very similar to those of the involucre
termingled within the involucre proper in a pos-
snbl.e spiral series. Such a situation could be ex-
plained easily if the axis of the cyathium was a
tontracted synflorescence, but is very much more
dlﬂ.icu]t to explain if the structure was derived from
4 single cyme.

Unmodified simple cymes are of rather rare
:;C::rrence within the family and among African
3 u:::e only found in Jatropha, a genus showing
o nm;'b?f (})lther apparently primitive features,
TR }Z’ the w.ell-developed corolla and female
e \Int Staminodes occasionally so well de-
ﬂowzrs €.g., m J. trogaeolifolia Pax) that the
Characteapp:ar to be lflsexual. Another unusual
Rk arfo Jatropha is the diversity of laticiter
i;ldice;tion eftl‘tlll:e .tl.lat has been interpreted as an
W 19; 7prlmmveness (Dehgan & Craig, 1978;
ok a;e . ). The c.ymes. of most species of Jatro-
m spicaf)mlr)lanl?r dichasial, but in many species
b aa' ax 18 a good example) the ultimate
o T Sre usually long monochasia of male flow-
vithin the uggest.s tbat there is a natural tendency
ok elm’gamzanon of such cymes for reduced
et Ei:}:?ertts to be m.onochasial, which would
athium. €rs (1878) interpretation of the cy-
3 'a"*?g?o&h(lrgig (1978) discussed the possibility
leonoidep a-like plant being ancestral to the
Y i :e. It seems a distinct possibility that
E“'Phorbiean ancestor of the Hippomaneae and the
i thue mlgl.lt also have had Jatropha-like
"elatio;, . ® opening up the question of subfamily

Ships. The cymes of most Jatropha species

of the H; Diagrammatic representation of the hypothetica
PPomaneae (and most other Crotonoideae and Aca

are strictly terminal and show no tendency toward
the production of a synflorescence. Perhaps the
strictly terminal position of the inflorescence in
such Jatropha is a factor in their having retained
their clearly cymose organization while other groups
with axillary cymes have evolved the thyrse (and
cyathia?) now so widespread in the family. How-
ever, the most primitive species (Dehgan & Schutz-
man, 1994, this issue), J. curcas L., does produce
a synflorescence such as is postulated here as the
common ancestral form for cyathia and for the
thyrses of most other uniovulate Euphorbiaceae.
This would seem to reinforce the view that Jatro-
pha might represent the nearest approach to an
ancestral type for the family as a whole.

In conclusion, it is suggested that it 1s not pos-
sible for the cyathium to have evolved from any
inflorescence found within modern-day Hippoma-
neae (and closely allied tribes). One must conjecture
a rather primitive common ancestor belonging to
neither group but rather to the Crotonoideae. If
this is indeed the case, it might be better to extend
the Euphorbioideae to include the Crotonoideae,
as suggested in effect by Mahlberg et al. (1987).
Alternatively, if an independent relationship of each
group to a very primitive member of the family be
accepted, there might be a good case for placing
the Hippomaneae and allies in a subfamily of their
own and restricting the Euphorbioideae to the Eu-

phorbieae.
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| evolution of, on the left, the racemelike inflorescences

lyphoideae) and, on the right, the cyathium from a
g cymes are shown as monochasia, but n

Ypothetical <
prmit:t:‘c:‘: ;}'nﬁ(u"escence of axillary bisexual cymes. For simplicity th . e kv
= reduction flo': likely to be primarily dichasial. On the left there is a progressive elqngatt?n 0 : dus;cr .
“¥mes of the axillary cymes. On the right there is a shortening of the main axis to form 4 ense ¢

+ @ central, terminal cyme becoming reduced to a single female flower and surrounded by a whorl of all-male

“Yies '
. 5 w -y " . » . .
hile the associated subtending leaves and stipules fuse to form an enclosing involucre.



